Photosensitive Redheaded Buntings (Emberiza bruniceps) were exposed to different artificial photoperiods, and continuous light (LL) and darkness (DD). The daily photo periods of 12, 13, 15 and 20 hr per day stimulate the gonadal development and the fatten ing; the rate of growth is however less in the birds exposed to 12 and 13 hr than those exposed to 15 and 20 hr. In contrast, 6L : 18D, 8L : 16D, 10L : 14D and 11L : 13D light regimes fail to stimulate such activities in 4 weeks. In LL, a gonadal-growth-involution cycle is apparent in a duration of 250 days; DD on the other hand, could not stimulate the hypothalamo-hypophysial axis in a 175-day treatment.
INTRODUCTION
Variations in daylength have direct effect on the behavioral and physiological responses in many birds.1,2) The evidence, however, has been generally confined to the temperate breeders until recently. Nonetheless, we demonstrated recently that the photoperiodic phenomenon is apparent in more species, particularly in migratory forms visiting our (Indian) subcontinent, than has hitherto been assumed.3-7) Here we report the results from investigations on a migratory bunting, Emberiza bruniceps, under varied photoperiods, and continuous light and darkness. Experiment I Groups of buntings (see Table 1 ) were placed on different photoperiodic regimes for 4 weeks. They were weighed and laparotomized at the start and end of the experiments.
Experiment II
A group (n=10) of photosensitive birds were exposed to continuous light (LL) for 250 days, and observed at the intervals of 0 , 50, 100, 150, 225 and 250 days. Another group (n=20) was maintained under DD for 175 days. In DD, a group of three birds were always killed at the intervals of 35 days (i.e. on days 0 , 35, 70, 105 and 140) ; remaining four birds were killed at the end (day 175).
Birds were lit by fluorescent tubes at an intensity of about 400 lux at perch level. Food and water were freely available to all birds during the investigations . In DD, food and water were changed at alternate days during a very brief exposure to dim green light, which was supplied by a torch wrapped with several folds of green paper.
At each observation, each bird was weighed and laparotomized (except DD). In DD, birds were killed and weighed to record the data . Gonadal development was assessed as CTW by comparing size of the testes in situ with a standard series of gonads of known weights. The error by this method is approximately 20%.
The changes in body weight were considered to be due to photostimulated visceral and subcutaneous fattening.8,9) The statistical analysis of the data was done by Student's t-test.
RESULTS

Experiment I
The testes were stimulated in the groups exposed to 12L : 12D, 13L : 11D, 15L 9D and 20L : 4D, but not to 6L: 18D, 8L: 16D, 1 OL : 14D and 11L: 13D; the rate of growth was however about 50% less in the birds on 12L :12D and to some extent in the birds on 13L : 11 D than in those exposed to 15L : 9D or 20L : 4D . Also, the fattening response followed the similar pattern; the birds fattened only in those cycles in which gonads were stimulated (Table 1; Fig. 1 ).
Experiment II
Periodic observations of LL and DD birds are shown in Table 2 and Fig. 2 . DD could not stimulate either the gonads or fattening in a duration of 175 days; the birds in this treatment were observed at the intervals of 35 days . On the other hand, LL induced testis growth (P<0.001) and fattening (P<0.0l), evident on day 50 , which was followed by spontaneous testicular regression and fat depletion (on day 100) , leading to minimal condition and establishment of photorefractoriness (on days 225 and 250).
DISCUSSION
The results (Tables 1 and 2 ; Figs. 1 and 2) clearly indicate that Redheaded Bunting is a classical photoperiodic bird in which light is prerequisite for the physiological processes (gonadal growth and fattening). Moreover, it has a definite photoperiodic threshold to its reproductive and metabolic activities at between 11 and 12 hr daily photoperiods, the response being maximum on long photoperiods of 15 and 20 hr per day (Table 1 ; Fig. 1 ), and a period of insensitivity (photorefractoriness) develops in buntings that are photo-stimulated for a long period (Table 2 ; Fig. 2 ). They further suggest that this bird is capable of fine discrimination of photoperiodic information, The response curve represented from our data in Fig. 1 resembles those reported for Japanese Quails (Coturnix coturnix japonica),10) Rosefinches (Carpodacus erythrinus)7) and Blackheaded Buntings (Emberiza melanocephala).5) These studies suggest that the rate of testicular growth increases with increasing daily photoperiods, but up to a certain limit. It is also evident that the threshold photoperiod is species-specific and varies with the duration of exposure to that photoperiod. Passer domesticus responds maximally to 10L : 14D, but threshold photoperiod for this species may be as low as 1 hr per day11-13); for Junco hyemalis14) and Sturnus vulgaris15) it is of about 9.0 and 9.5 hr, respectively, but starlings again can respond to 1L : 23D.16) Daylength of 12-13 hr is the threshold for Carpodacus erythrinus,7) and 11-12 hr for Quelea quelea quelea,17,18) subtropical Ploceous Philippinus 19) and migratory Emberiza melanocephala.5) Besides being the species-specific, threshold photoperiod varies among different forms of the same species.20)
Data with DD and LL suggest that the light is prerequisite for gonadal development and fattening (Table 2 ; Fig. 2 ) in Redheaded Buntings. In contrast to some species where gonads are stimulated in the absence of daily light,21-24) DD fails to stimulate the gonads or fattening in Emberiza bruniceps within 175 days (Table 2 ; Fig. 2 ). The behavior of Emberiza bruniceps in LL is similar to those reported for some other photoperiodic birds.5)7)25) In general, its response in LL is similar to that obtained under prolonged 15L:9D.
A gonadal-growth-involution cycle is evident in Redheaded Buntings exposed to 15 hr photoperiods for about 5 months3) ; the photorefractoriness is dissipated by short photoperiods (8L:16D) and birds again respond to the 15L:9D.3) Here, one thing may be pointed out that the onset of photorefractory period is somewhat delayed in LL than 15L : 9D. However, Japanese Quails do not show photorefractoriness under LL maintained for 17 weeks, just after hatching.26) Interestingly, LL is not always stimulatory; it suppresses gonadal growth in subtropical Lonchura punctulata.24)
The photorefractory period observed in our study is comparable also to those of wild birds. They show testicular regression in July when the days are still longer than those of the May which initiate physiological processes. In nature, this refractory period is probably terminated by short days of winter.
It appears, thus, from our present finding together with those reported recently that the photoperiodic information might be prevalent even in the lower latitude. 
